INTRODUCTION
Coordination chemistry for boron with macrocyclic N-donor ligands has been developing in recent years [1] [2] [3] [4] . Too small to fit as a single atom into traditional tetraazamacrocycles such as porphyrins or phthalocyanines, boron forms a stable complex with the triazamacrocycle, subphthalocyanine [5] . Indeed, the subphthalocyanine macrocycle is stable only when coordinated to boron, typically as the four-coordinate B(SubPc)Cl complex, 1.
B(SubPc)Cl is important as an intermediate in the formation of unsymmetrical phthalocyanines by ring expansion with a diiminoisoindoline [6, 7] . Upon formation of the phthalocyanine, the boron atom is no longer bound to the macrocycle. It has been proposed that the B(SubPc) + cation, formed by loss of chloride from 1, precedes the ring expansion reaction [7] . We have therefore targeted the synthesis of this cation using a very weakly coordinating counterion. A carborane anion, CHB 11 Me 5 Br 6 − , was chosen because of its inertness toward reactive main group cations and its excellent crystallizing properties [8] . Tetraphenylborate is known to be unsuitable as a weakly coordinating anion since the phenyl derivative (C 6 H 5 )B(SubPc) is formed when 4 ] is reacted with phthalonitrile [9] .
Thus, we were interested in whether a "bare" B(SubPc)
+ borenium ion could be prepared and how strongly it would interact with the "least coordinating" anion [8] . Out-of-plane displacements of the central iron atom in iron porphyrin complexes have been used as a measure of the coordinating ability of axial ligands [10, 11] so it was of interest whether a boron atom, in the naturally domed subphthalocyanine ligand, would respond similarly. Competition between coordinating anions and neutral N-atom donors has been studied in dialkylboreniumlike species, R 2 BL(SO 3 CF 3 ) [12] . The long-term goal of this work is to develop new Lewis acids based on borenium ions [13, 14] . Boron subpthalocyanines are of current interest in the development of photoand electro-active assemblies [15] , and axial ligand changes may become an important part of the finetuning of their electronic properties. Trialkylsilyl species with weakly coordinating anions are amongst the strongest halophilic electrophiles known [16] . Their use in this work is necessitated not by any particular difficulty in removing chloride from 1 but by the need to have a volatile byproduct. Ethyl groups on silicon were chosen to give good volatility to the trialkylsilyl chloride byproduct. The weaker halophilic reagent Ag(carborane) achieves metathesis, but the separation of the insoluble AgCl and the poorly soluble 2 is problematic.
RESULTS AND DISCUSSION
1 H NMR showed good purity, and the resonances show an expected downfield shift relative to 1. The solubility is too low for 13 C NMR spectroscopy, and a 11 B NMR signal for the cation was unobservable, presumably due to large quadrupolar broadening in the anisotropic environment of the cation. A signal has been observed for the more nearly isotropic 1 at ca. −18 ppm [9] and is calculated from DFT calculations (B3LYP/6-31G(d)//B3LYP/6-311+G(2d,p) at ca. Single crystals of 2 suitable for X-ray crystal structure determination were grown from odichlorobenzene.
As shown in Fig. 1 , the cation and anion have a commensurate pairing relationship with approximate three-fold symmetry, the aza-bridging N atoms of the macrocycle having an eclipsed arrangement with a triangular face of Br atoms (Br 1 , Br 5 , Br 6 ) from the carborane.
As shown in Fig. 2 , these cation/anion pairs are well separated from each other in the lattice by odichlorobenzene solvate molecules which fill a cavity created by the face-to-face relationship of two domed SubPc cations.
As shown in Fig. 3 , benzene moieties at the periphery of each SubPc molecule have -interactions with three neighboring SubPc units. The C· · ·C contacts range from 3.39 to 3.52Å. This type of overlap can be found in many structures of SubPc derivatives [9, [17] [18] [19] [20] [21] .
The relationship of the carborane anion to the SubPc cation ( Fig. 1) is different from that observed with most main group element cations. In tightly ion-paired structures where there is some covalence in the element-halogen bonding, such as in R 3 Si(carborane) [16] , a single halogen atom interacts with the cationic center. In Et 2 Al(carborane) [22, 23] and in some silver salts of carboranes [24] , two close element-halogen contacts are observed. The occurrence of three nearest neighbor interactions in the present structure suggests an essentially pure electrostatic relationship between the cation and anion where crystal-packing forces will control the orientation of the anion. This is supported by the long interion distances (B· · ·Br = 3.59, 3.63, and 3.78Å; Br· · ·N = 3.63, 3.72, and 3.74Å), arguably equal to the sum of the van der Waals radii (B ∼ 1.7, N 1.55, Br 1.8-2.0Å) [25] .
The gas phase molecular structure of the [B(SubPc)] + cation has been calculated with and without carborane ion-pairing using density functional theory. The computed structures are compared to that obtained by X-ray diffraction in Table 1 . The calculated structures show good agreement in bond lengths and angles as well as in the degree of doming of the macrocycle, as measured by displacements from the 3N plane of the coordinating nitrogen atoms. This corroborates the conclusion that the cation and anion are essentially free ions, related to each other only by electrostatic ion pairing, and without significant covalence in the B· · ·Br axial bonding. The negative Br atoms center over the delocalized positive charge on the [B(SubPc)]
A preliminary indication of the reactivity of the B(SubPc) + cation in 2 has been obtained in the serendipitous crystallization of its hydrolysis product from solutions that had come in contact with moisture. From (2) Evidently, the B(subPc) + cation is a strong Lewis acid which reacts with H 2 O to form a stable -oxo dimer, which is then protonated twice on an aza bridging N atom of each B(subPc) unit by the two equivalents of acid produced as the byproduct of hydrolysis. While protonation of the macrocycle was unanticipated and previously unknown, is nevertheless a logical outcome. Acid/base chemistry withoxo dimers involving main group elements typically involves equilibria between hydroxo monomers and -oxo dimers [26] . Protonation of the bridging O atom in -oxo iron(III) porphyrin dimers is known [27, 28] , so the present result reflects the basicity of the aza bridge N atoms in the subPc macrocycle relative to the bridge O atom. The neutral -oxo dimer (t-BuSubPc)B-O-B(t-BuSubPc) has been previously isolated [7, 29] . The structure of the cation in 3 is shown in Fig. 4 (Table 2) 
. Each [H(SubPc)B-O-B(SubPc)H]
2+ unit is separated from another by disordered toluene molecules encapsulated between adjacent units leading to a one-dimensional ribbon like arrangement of the cations. The CHB 11 Me 5 Br 6 anions surround this construct with hydrogen-bonding interactions to the protonated N atoms (Fig. 5 
X-Ray Structure Analyses
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N (4 ) 1000 platform-CCD X-ray diffractometer system (Mo-radiation, λ = 0.71073Å, 50 KV/40 mA power). For 2 a total of 1321 frames were collected for a hemisphere of reflections (with scan width of 0.3
• in ω and φ angles of 0 • , 90
• , 180
• , and 0
• for every 606, 435, 230, and 50 frames, respectively, 30 s/frame exposure time) whilst for 3 a total of 3030 frames were collected for a sphere of reflections (with scan width of 0.3
• in ω, starting ω and 2θ angles of −28
• , and φ angles of 0 • , 90
• , 120
• , and 240
• for every 606 frames, 60 s/frame exposure time). The frames were integrated using the Bruker SAINT software package [32] with a narrow-frame integration algorithm. Based on a monoclinic crystal system, the integrated frames yielded a total of 25,532 reflections at a maximum 2θ angle of 49.42
• (0.85Å resolution), of which 8493 were independent reflections (R int = 0.0480, R sig = 0.0570, redundancy = 3.0, completeness = 99.8%) and 5740 (67.6%) reflections were greater than 2σ(I) for 2; whilst for 3 the integrated frames yielded a total of 250,658 reflections at a maximum 2θ angle of 46.52
• (0.90Å resolution), of which 34,371 were independent reflections (R int = 0.0748, R sig = 0.0453, redundancy = 7.3, completeness = 100%) and 23,105 (67.2%) reflections were greater than 2σ(I). Absorption corrections were applied to the raw intensity data using the SADABS programin the SAINT software. The Bruker SHELXTL (version 6.10) software package [33] was used for phase determination and structure refinement.
For 2, the distribution of intensities (E 2 -1 = 0.961) and systematic absent reflections indicated one possible space group: P2(1)/n, later determined to be correct. Direct methods of phase determination followed by two Fourier cycles of refinement led to an electron density map from which most of the non-hydrogen atoms were identified in the asymmetric unit. With subsequent isotropic refinement, all of the non-hydrogen atoms were identified. There was one B(SubPc) + cation, one CHB 11 Me 5 Br 6 − anion, and two partially occupied solvent molecules of C 6 H 4 Cl 2 present in the asymmetry unit. One C 6 H 4 Cl 2 was assigned 75% occupied, and the other disordered C 6 H 4 Cl 2 molecule was assigned a total of 50% occupied with 30%/20% disordered occupancy ratio. The disordered solvent molecule was refined with the atoms as isotropic displacement parameters. Atomic coordinates, isotropic and anisotropic displacement parameters of all the non-hydrogen atoms were refined by means of a full matrix least-squares procedure on F 2 . The H-atoms were included in the refinement in calculated positions. The riding on the atoms to which they were attached. refinement converged at R1 = 0.0465, wR2 = 0.1168, with intensity, I > 2σ(I).
For 3, the distribution of intensities (E 2 − 1 = 0.893) and systematic absent reflections indicated two possible space groups, C2/c and Cc. The space group C2/c (#15) was later determined to be correct. Direct methods of phase determination followed by two Fourier cycles of refinement led to an electron density map from which most of the non-hydrogen atoms were identified in the asymmetry unit of the unit cell. With subsequent isotropic refinement, all of the non-hydrogen atoms were identified. There were two [H(SubPc)BOB(SubPc)H] 2+ cations, four CHB 11 Me 5 Br − 6 anions, three 25% occupied solvent molecules of o-dichlorobenzene, three fully occupied toluene, four 50% occupied C 6 H 6 , seven 25% occupied toluene, one 21% occupied toluene, and one 79% occupied toluene present in the asymmetric unit. The N H bond length was fixed at 0.87Å, and the H-atoms were located from the difference map.
A summary of the collection and refinement data is given in Table 3 
Calculations
Density functional calculations were carried out using the Gaussian 03 program [35] . Full geometry optimizations were carried out for the [B(SubPc)] 2+ cation using a B3LYP/6-31G(d) model could not reproduce the -close contact between the two B(SubPc) moieties. The B-O-B angle calculated to be 139.8
• which agreed well with the experimental value of 137.2
• but the relative orientation of the [H(SubPc)B] groups was different. This may be due to either packing within the crystal or an incomplete description of the dispersive interactions required to account for -interactions. There was good agreement with the metric details within the [H(SubPc)B] + groups.
